The results of this study suggested that teeth clenching stabilizes the head in cooperation with the activity of the sternocleidomastoid muscles, and prevents head movements and body sway during striking weight impact. It was speculated that teeth clenching might play an effective role in the enhancement of sports performance.
Results: 1) The activity of the sternocleidomastoid muscles increased with the teeth clenching force, and the increase was greater during a striking weight impact than that in the absence of a striking weight impact.
2) The decrease in the lateral bending and rotation angles of the neck observed during a striking weight impact was greater under the voluntary teeth clenching conditions as compared with that under the resting position of the mandible.
3) The total locus length of the head movement and body sway were shorter under the voluntary teeth clenching conditions as compared with that under the resting position of the mandible. 4) In contrast to the observations under the resting position of the mandible during a striking weight impact, the ratio of the total locus length of the head movement to that of the body sway under the voluntary teeth clenching during a striking weight impact decreased to the level noted under the resting position of the mandible in the absence of a striking weight impact.
Introduction
In a study conducted previously, involuntary clenching at the intercuspul position was observed during physical exertion in 58 percent of subjects with normal dentition. 1 The elbow flexion strength, back strength, grip strength, and the anaerobic power were shown to be greater with the mandibles at the intercuspal position (centric occlusion) than in eccentric mandibular positions in subjects who exhibited powerful clenching during exercise. 2, 3 We also reported that the reaction time as an index of quickness was significantly prolonged when the subjects lost their occlusal support. 4 These results suggest that a close relationship exists between dental occlusion and physical exercise.
It has been reported that the sternocleidomastoid muscles are active during occlusal activity. 5, 6 It has also been reported that occlusal treatments are effective for the relief of sternocleidomastoid muscle pain. [7] [8] [9] We reported that there was a close relationship between occlusion and head posture, and suggested that an imbalance in occlusal support might cause an imbalance in the activities of the sternocleidomastoid muscles and head posture. 10 The purpose of this study was to elucidate the influence of teeth clenching on the head posture and body sway during application of an impact load to the greater trochanter of the femur.
Materials and methods
Five male subjects not suffering from any apparent clinical abnormalities of the stomatognathic and auditory-equilibrium systems were selected from among the students and faculty of our university (average age: 27.4±3.4 years). Informed consent was obtained from each of the subjects prior to their participation in the experiments.
A 3-kg sandbag was placed at the end of a rope which the length was adjusted for each subject, and placed so as to strike the subjects on the right greater trochanter of the femur while they stood in the upright position on the stabilometer under the eyes-closed condition, after 20 seconds of eye closure ( Fig. 1 and 2 ). The loading direction of the impact was set to be perpendicular to the sagittal plane of the trunk. The striking weight impact (hereafter referred to as SWI) was set so that the subjects did not feel any unpleasant sensation, such as pain, and could remain on the stabilometer during the measurements. In this study, the impact strength was set to be 8.8J, using a 3-kg sandbag on a pendulum from a height of 30 centimeters.
Each subject was directed to keep the mandibular position at rest (hereafter referred to as REST) and at the intercuspal position with 50% and 100% voluntary maximal clenching (hereafter referred to as 50% VMC and 100% VMC, respectively) for 10 seconds each. Each VMC condition was controlled by an audio feedback system (MIYUKI GIKEN Co.) to measure the right and left masseter muscle activities. The audio feedback system evaluated the muscle activities of the right and left masseter muscles, and the electric sound of the instrument disappeared within ±5% of the goal value.
The head movement, body sway and electromyographic (EMG) activity were recorded at REST and during 50% and 100% VMC, during and in the absence of the SWI. Measurements were performed 3 times under each condition with 5-minutes' rest intervals. For the analyses of the head movement and body sway, the 10-seconds' recording during the SWI was divided into 10 sections (T1 -T10) (Fig. 3) .
The head posture and head movements were recorded by an electromagnetic, six-degree-offreedom tracking instrument (POLHEMUS Co. 3 SPACE-WIN), and the body sway was recorded by the stabilometer (NEC Medical Systems Co. EB1101).
The instrument for measuring the head posture and head movements indicated the movements of the sensor by three-dimensional coordinates and orientation angles to each axis of the coordinates. One sensor was fixed at the back of the subject at the level of the 5th -8th thoracic vertebra using surgical tape and the other sensor was fixed on the back of the head with a belt. The relative angle and positions of the two sensors were measured. The distance from the transmitter to the sensor was set to be within 76 cm, according as instruction for use. During the measurements, magnetic metals and personal computers were removed from the measuring area.
The stabilometer indicated the movements of the center of the foot in the upright standing position on the stabilometer. The head movements and body sway were evaluated by the total locus length of each. The EMG activity of the masseter muscles and the sternocleidomastoid muscles were recorded simultaneously. The EMG activities were recorded from the masseter muscles and middle part of the sternocleidomastoid muscles of either side. Bipolar Ag -AgCl surface electrodes with an inter-electrode distance of 20 mm were used for the measurements. The electrodes were placed by palpation of the muscles along the main direction of the muscle fibers. The time constant was 0.01 seconds. The four EMG signals were stored in a personal computer through an A/D converter (sampling rate 1200 Hz). Statistical analysis was performed by one-way analysis of variance(ANOVA), Scheffe's test(P <0.05), and regression analysis (SPSS for Windows 9.0, SPSS Inc.).
Results
The EMG activities of the sternocleidomastoid muscles (relative muscle activity) in the absence of the SWI were 30.8±16.3% at REST and 46.5± 19.6% with 50% VMC, when the value recorded with 100% VMC was taken as 100% (Fig. 4) . The EMG activities of the sternocleidomastoid muscles with 100% VMC in the absence of the SWI were statistically significantly greater (P <0.01) than those at REST and with 50% VMC, and the muscle activities with 50% VMC were statistically significantly greater (P <0.01) than those at REST (Fig. 4) .
On the other hand, the EMG activities of the sternocleidomastoid muscles during the SWI were 57.2±44.8% at REST, 56.3±37.3% with 50% VMC, and 129.0±53.5% with 100% VMC, when the value with 100% VMC in the absence of the SWI was taken as 100% (Fig. 4) . The EMG activities of the sternocleidomastoid muscles with 100 % VMC were thus statistically significantly greater than those at REST and with 50% VMC during the SWI (P<0.01) (Fig. 4) .
The maximal swing values of the lateral bending angle of the neck during the SWI were 4.8°± 3.5° at REST, 2.4°±1.3° with 50% VMC, and 2.6°± 1.6° with 100% VMC (Fig. 5) . The lateral bending angles of the neck during the SWI with 50% VMC and 100% VMC were thus statistically significantly smaller than those at REST (P <0.05) (Fig. 5) .
The maximal swing values of the rotation angle of the neck during the SWI were 5.6°±2.7° at REST, 3.9°±2.0° with 0% VMC and 3.6°±1.9° with 100% VMC (Fig. 5) . The rotation angles of the neck during the SWI with 50% VMC and 100% VMC were statistically significantly smaller than the angle at REST (P<0.05) (Fig. 5) .
The maximal swing values of the antero-pos- (Fig. 5) . The antero-postero flexion angles of the neck during the SWI with 50% VMC was statistically smaller than that with 100% VMC (P<0.05) (Fig. 5) . The typical patterns of the total locus length of the head movement and the body sway at REST, and with 50% and 100% VMC during the SWI of a subject are shown in Figure 6 . The findings showed that the total locus lengths of the head movement and body sway with 50% and 100% VMC were shorter than the value at REST. Similar findings were recorded in all of the subjects.
The total locus length of the head movements and the body sway at REST, and with 50% and 100% VMC during the SWI in the T1 and T2 sections were statistically significantly longer than the corresponding values in the T3 to T10 sections (P<0.01) (Figs. 7, 8 ). In the T2 section, the total locus length of the head movement and the body sway with 50% VMC and 100% VMC were statistically significantly shorter than that at REST(P<0.01) (Fig. 9) .
A positive correlation was found between the total locus length of the head movement and that of the body sway during the SWI at REST (r 2 =0.29, P <0.01) and with 50% VMC (r 2 =0.57, P<0.05) in the T2 section (Fig. 10) . However, no such positive correlation was found in the T2 section with 100% VMC (Fig. 10) .
The ratio of the locus length of the head movement : that of the body sway in the T2 section during the SWI was 0.9±0.3 at REST, 0.6±0.2 with 50%VMC, and 0.6±0.2 with 100% VMC. The ratios with 50% VMC and 100% VMC were statistically significantly smaller as compared to the ratio at REST during the SWI, (P <0.01), and were similar to those at REST without the SWI (Fig. 11) . 50%  VMC  100%  VMC   T3   T3  T2  T1  T4  T5  T6  T7  T8  T9 T10   T3 T4 T5 T6 T7 T8 T9 T10   Comparison to T1   Rest  50%  VMC  100%  VMC   T4 T5 T6 T7 T8 T9 T10 Comparison to T2 T3  T2  T1  T4  T5  T6  T7  T8  T9 T10 (cm) T3  T3 T4 T5 T6 T7 T8 T9 T10   Comparison to T1   Rest  50%  VMC  100%  VMC   T4 T5 T6 T7 T8 T9 
Discussion
Under the hypothesis that teeth clenching plays a role in the fixation of the head and contributes to the prevention of head movements and body sway during the application of an impact load to the greater trochanter of the femur, the relationships among the clenching force, sternocleidomastoid muscle activity, head position, head movement and body sway were all analyzed and discussed further. Because the sense of equilibrium is related to vestibular sensations, visual sensations and somatic sensations, the experiments in the study were performed under the eyes-closed condition, after 20 seconds of eye closure. As to the impact load applied on the subjects, a load of 8.8 Joules, which could disturb the body balance of the subjects, was applied to the greater trochanter of the femur; however, the subjects could remain standing on the stabilometer and did not complain of any pain or discomfort. The SWI was set within a range where the subjects could remain standing on the stabilromter during the measurement without feeling any discomfort. The target of the SWI was set to be the greater trochanter of the femur on the assumption that the center of gravity line is the index of body balance.
It has been reported that the activities of the sternocleidomastoid muscles are synchronized to those of the jaw closing muscles during mastication and involuntary jaw clenching. 5, [11] [12] [13] The increases of the sternocleidomastoid muscle activities with increase of the jaw clenching force during and in the absence of the SWI in the present study were consistent with these previous reports. The increase of the sternocleidomastoid muscle activities, decrease of the lateral bending angles and/or rotation angles of the neck, and reduction of the total locus length of the head movements during the SWI under the teeth clenching conditions (50% VMI and 100% VMI) as compared with that in the non-clenched condition (REST) in the present study are considered to indicate that the sternocleidomastoid muscles participate in head fixation in cooperation with the jaw closing muscles.
A close correlation has been recognized between trigeminal inputs and the activities of the neck muscles, 14 which has been referred to as the trigemino-neck reflex. 15, 16 Moreover, it has been reported by Luo et al, based on the results of electrophysiological and neuroanatomical studies, that the neck muscles participate with the trigeminal nerve. 17, 18 They suggest that sensory feedback from the masticatory muscles is subjected to presynaptic inhibition and integration prior to reaching the thalamus. The projection of jaw-muscle spindle afferents to caudal brainstem regions may play a significant role in masticatory-muscle stretch reflexes and in the integration of trigeminal proprioceptive information and its transmission to higher centers. It is speculated that the activities of the muscle spindles and mechanoreceptors of the periodontal ligament influence the activities of the motor neuron pool of the sternocleidomastoid muscles through the central ramus of the mesencephalic trigeminal neuron. 19 Teeth clenching is speculated to contribute to fixation of the head during SWI, in cooperation with sternocleidomastoid muscle activity.
The reduction of the total locus length of the body sway during the SWI may be attributable to the reduction of the total locus length of the head movement. The total locus length indicating the magnitude of the body movement is considered to be useful for analysis of the relationship between the head movement and body sway. The standing posture of human beings is often physically unstable, because of the high center of gravity and the presence of the heavy cranium positioned on top of the vertebral column. 20 Consequently, it would be reasonable to assume that changes of the head posture at the time of standing would have an influence on the sway of the entire body.
Due to the close relationship between the total locus length of head movement and that of the body sway, we examined the ratio of the locus length of head movement to that of body sway as a parameter of body balance. The ratio in the absence of a SWI, with the subject just standing on the stabilometer under REST, is considered to indicate that in the presence of an adequate body balance. Our observation in this study of a higher ratio at REST during the SWI than at REST in the absence of the SWI indicates that the body balance was disturbed by the SWI. As shown in the results, the ratio under the teeth clenching conditions during the SWI was similar in values to the value at REST in the absence of the SWI. This result appears to suggest that teeth clenching prevents head movements and body sway. A higher antero-postero flexion angle of the neck was noted with 100% VMC as compared to that with 50% VMC during the SWI. It is speculated that clenching force above a certain level causes excessive forward neck bending. Taking into consideration the observation that the antero-postero flexion angle of the neck with 100% VMC was larger than that with 50% VMC during the SWI, resulting in an increase of the body sway, 50% VMC is speculated to be a more suitable clenching force to prevent head movements during the application of SWI, as compared to 100% VMC. The results of this study suggest excessive muscle activity of the cervical muscles can change the head position. Kibana has reported that the head bends forward with voluntary maximal clenching. 10 The total locus length of the body sway was higher with 100% VMC as compared to that with 50% VMC, differing from the results for the total locus length of the head movements in this experiment. It is speculated that anterior flexion of the neck caused by the activity of the cervical muscles during teeth clenching was increased by the excessive clenching force resulting in the increase in the locus length of the body sway.
It has been demonstrated that even simple and small movements of a local body part can produce a component pattern of muscular activity, involving not only the muscles directly producing the observed movement, but also other muscles often located remotely the moving part. 21 The relationship between the activities of the sternocleidomastoid muscles and the jaw closing muscles were described in the above study.
Fixation of the head is supposed to contribute to stabilization of eyes and protection from head injury. In addition to fixation of the head, control of body sway seems to be essential for best performance in sports activities. Teeth clenching has now been shown to play an important role in head movements during SWI.
Conclusion
The existence of an interdependent relationship between stomatognathic functions, especially the occlusal function, and body equilibrium was confirmed. The results of this study suggest that 50% VMC plays an important role in fixation of the head in cooperation with the sternocleidomastoid muscle activities, and prevents excessive head movements and body sway during a SWI. It is also speculated based on the study results that teeth clenching might play an effective role in the enhancement of sports performance.
